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Abstract 
Urban parks are community assets, providing people places to play and rest. Access to parks in urban 
environments promotes social equity and improves quality of life for surrounding neighborhoods. In 
this context, social equity is related to accessibility, i.e. the possibility of walking or biking from home 
to a public park, giving people who do not have access to a variety of entertainment an option that 
is a public good. This paper examines the spatial distribution of urban parks in the city of Curitiba, 
Brazil, and how it relates to the socio- economic conditions of surrounding neighborhoods. Curitiba 
is known for its urban parks; however, no systematic study has been conducted to verify which 
neighborhoods enjoy park access within walking distance and what the socio-economic differences 
are between the better and worse served neighborhoods. In addition, we investigate if access to 
green open space has improved between the last two decennial census, a period marked by 
unprecedented socio- economic affluence in Brazil. Research questions, to be addressed using spatial 
analysis, focus on equitable distribution, and spatial evolution of parks and social equity. Variables 
include measurable walking distances from census tracts to parks, income data from the 2000 and 
2010 Brazilian decennial censuses, and qualitative data of urban parks in Curitiba. Findings offer 
recommendations for future implementation of additional parks in Curitiba so that all areas of the city 
have adequate green open space and all citizens have equal access to recreation and leisure 
opportunities. 
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Introduction 
Most urban planners recognize the importance of open space to create healthy urban 
environments. Parks, in particular, are important in increasing opportunities to enjoy nature 
and to engage in recreational activities. Parks can improve the aesthetic and environmental 
quality of urban environments and provide public space for recreation and play increasing 
overall quality of life for urban populations (Harnick, 2000). Spatial equity is an important 
measure of sustainability (Pickett et al., 2011) and thus, sustainable cities should seek to 
offer equitable access to public facilities and amenities to all cohorts of their population. 
Several studies assume equitable cities are those where green open space equally benefits 
every citizen (Low et al., 2005; Nicholls, 2004; Salazar and Menéndez, 2007); yet, how equitable 
access to parks in cities of the global south is has not been sufficiently assessed in terms of 
their distribution across urban landscapes. In the case of Brazil, parks are generally the only 
public recreational facility available to urban residents, and the amenities in them offer the 
only opportunity for families with limited resources to engage   in recreational activity. 
Unlike the US, there are no public golf courses, and very few public ball courts in Brazil; the 
only ubiquitous playfields are dedicated to the national sport, soccer. 
Our contention is that an equal distribution of parks among different income cohorts of a 
city’s population is a good measure of spatial equity and that cities can improve quality of 
life for their citizens by prioritizing access to open space regardless of neighborhood income. 
Using the city of Curitiba, Brazil, as a case study, we spatially analyze the income level of 
populations living in close proximity to parks and the service areas of all parks in the city. 
The city of Curitiba is chosen as a case study because it is internationally recognized as a 
model of urban planning (Macedo, 2004). This research makes a contribution to the 
literature relating distribution of parks with spatial equity and presenting a methodology to 
determine whether the distribution of parks within cities promotes spatial equity. The 
results of the Curitiba analysis may be generalized to other urban areas—especially those in 
countries where the gap between rich and poor is ever widening—seeking to achieve spatial 
equity and to provide a healthier urban environment for their citizens. 
This paper first presents a brief historical overview of the city of Curitiba, Brazil, and the 
development of its parks. We structure our discussion of the case study on the topics of 
population, transportation and crime, as these are important issues related to spatial equity 
and park distribution in Curitiba. The research is designed to answer two questions: 1) Is the 
spatial distribution of urban parks in Curitiba equitable? and 2) What was the spatial 
evolution of parks and equity between 2000 and 2010? Two methods are employed to 
determine how equitable the distribution of parks in Curitiba is; the first method is based on 
park need and access, and the second on service areas and spatial statistics. We conclude 
that although spatial equity has improved in Curitiba in the last 10 years, parks are not yet 
equitably distributed and working-class families living in the southern part of the city do not 
enjoy the same urban amenities available to families in other areas. 
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Parks by design in a sustainable city 
Curitiba has had a long history of planning. Although its first Master Plan was only 
implemented in the 1940s, the first urbanization plans for the city date back to the mid- 
1800s (Macedo, 2013). The innovative planning practices adopted in Curitiba, Brazil, have 
been internationally praised for over 20 years (Hawken et al., 1999; McKibben, 1995; Moore, 
2007). Sustainable initiatives were implemented in Curitiba before sustainability became 
the preferred alternative for development and were recognized by earning the city the 
United Nations Environment Award in 1990 (http://www.unep.org/cpi/briefs), when it was 
dubbed the ‘‘Ecological Capital of the World,’’ and the Globe Sustainable City Award in 2010 
(http://globeaward.org/winner-city-2010.html), among others. Curitiba has been 
consistently planned for over 50 years and the result of continuous planning is what affords 
the city its many awards and recognition for sustainable practices. 
In addition to sustainable planning initiatives, Curitiba also became well known for 
implementing policies that facilitated historic  preservation  and  environmental  
conservation through the use of urban tools, some of  which  encouraged  the  
implementation of urban parks (Fernandes, 2002; Macedo, 2008); however, there were no 
provisions in the legislation enacting these policies that guaranteed an equitable spatial 
distribution of green open space. Although Curitiba is more privileged than several other 
Brazilian cities in terms of park space, there are entire neighborhoods in the city with no park 
within walking distance to residents. These are mostly working-class neighborhoods, whose 
residents would greatly benefit from public recreational opportunities since they generally 
cannot afford private facilities. A spatial analysis assessing access to parks can assist city 
planners who are concerned with spatial equity in determining the best locations for new 
parks to be implemented. 
Several parks in Curitiba originated as flood mitigation projects (Macedo, 2013). With the 
increase in impervious surfaces due to rapid growth experienced in the 1970s and 1980s, an 
intensification of flood events occurred in the city. Parks allowed for vegetated areas to be 
interspersed into the urban fabric, and especially, man-made lakes in each park serve as 
retention ponds for flood mitigation purposes. Riparian areas in need of restoration or 
conservation, flood-prone and low-lying areas, and swampy terrain have always been 
preferred for the implementation of parks in Curitiba. The first urban park was Passeio 
Público, which remains today the largest green area in the heart of downtown. This relatively 
small park, about 70,000 square meters (17 acres), was created in 1886 in a swampy area 
close to a fledgling business district (Lacerda, 2001). Today, Curitiba has 27 parks and 16 
wooded areas, totaling about 23 square kilometers (5700 acres) in an urban area of 432 
square kilometers (167 square miles). Most of these areas are located on the northern part 
of the city, where elevations are higher and slopes steeper; these are also the areas with 
most natural beauty. Some parks were created in ‘‘recycled’’ spaces, abandoned quarries 
for the most part, as a way to reuse sites that did not offer feasible development 
opportunities. 
In Brazilian cities, and Curitiba is no exception, there is great potential for illegal 
occupation of land by informal settlements, unless another (legal) use is given to vacant 
areas (Fernandes, 2001; Macedo, 2004, 2008). Most park development in Curitiba has been 
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enabled by legislation enacted in the 1990s, which not only permitted, but also encouraged 
transfer of development rights for conservation of green open space. Curitiba was one of 
the first cities in Brazil to implement policies to allow transfer of development rights for 
historic and environmental preservation (Macedo, 2008), which have been extensively used 
but have not benefitted citizens equitably. The precepts of this isolated legislation were 
integrated into the 2000 revision of the city’s master plan, specifically directing the funds 
from transfers of development rights to environmental conservation and social housing. The 
impact of this legislation is measurable: 17 of the 43 parks that exist in Curitiba today were 
created during the 1990s and an additional 11 since 2000. Although half of the parks created 
since these laws enabled parkland expansion are located in low- to middle- income 
neighborhoods, the total area of parks located in more disadvantaged neighborhoods only 
amounts to 26% of the green area of the city. This is an indication that the spatial distribution 
of additional green open space resulting from policies intending to conserve environmental 
areas was not intentionally equitable. However, it should be recognized that only two of the 
11 parks created since 2000 are located in middle- to high-income neighborhoods, which 
represents 10% of the total area of parks implemented in the last 14 years. 
 
Parks distribution and spatial equity 
Most cities aim at providing their citizens with green open space, and while some have 
successfully achieved this goal, others have not. Few cities have been able to implement a 
system of parks that grants their citizens the spatial and social benefits of green open space. 
Since the early 2000s, accessibility has been a topic of interest to various scholars concerned 
with the implementation of spatial equity in urban areas. Several studies have used 
geographic information systems (GIS) as part of their methodology (Comber et al., 2008; 
Hewko et al., 2002; Neema and Ohgai, 2013; Oh and Jeong, 2007; Omer, 2006; Paez et al., 
2010; Smoyer-Tomic et al., 2004; Tsou et al., 2005). Six out of these eight studies found that 
amenities and services are not likely to be equally distributed in an urban area. In general, 
distribution and access vary for different populations, and certain groups of people are found 
to be more disadvantaged than others. 
Accessibility to urban amenities and services, such as parks, playgrounds, and health 
care facilities, is generally examined using GIS, because of its explicit locational dimension. 
One of the first studies that explored accessibility to parks (Talen, 1998) established a 
very comprehensive GIS-based methodological approach that is used to date. Central to 
Talen’s work is the operationalization of access, which can be measured by using a 
gravity model, minimum travel cost, covering model, and/or minimum distance. Many 
GIS-related tools are available to assist measuring access such as Euclidian distance, 
network analysis, and buffers, to name a few. On the one hand, GIS technology has 
improved tremendously since the late 1990s and more sophisticated analyses have been 
included in studies that examine accessibility. On the other hand, research examining 
accessibility in developing countries still faces issues regarding data availability 
(Adhvaryu, 2010; Hinojosa and Hennermann, 2012; Nguyen et al., 2015). As described 
below, this is the case for this study. Spatial data representing the transportation 
network of our study area was only available for the city of Curitiba, creating a constraint 
Macedo and Haddad 5 
 
for measuring access using network analysis. 
Concerning Latin American cities, very few studies have used GIS to investigate 
accessibility to urban amenities and services. Access to urban parks was the topic of a    study 
in Santa Cruz, Bolivia, in which simple buffering was used in conjunction with interviews 
(Wright Wendel et al., 2012). Findings of this study indicate there are ‘‘greater access 
barriers... present for women, lower-income, and periurban residents’’ (Wright Wendel et 
al., 2012: 272). In Brazil, very few cities have actively planned for open space (Frischenbruder 
and Pellegrino, 2006) hence spatial equity of this urban amenity is an important topic of 
investigation. Curitiba is one of the few Brazilian cities that actually included parks in their 
planning strategy, making it an ideal case study for research on parks distribution and spatial 
equity. 
 
Understanding the Curitiba context 
The quality of parks also differs across neighborhoods in Curitiba. To assess the quality of 
facilities and amenities in Curitiba’s parks, we tabulated park data supplied by the Municipal 
Secretariat of the Environment and found more than 120 items grouped in 19 different 
categories. We then ranked these items according to preference and developed Facilities 
and Amenities Indices (Figure 1). When analyzed for the different locations, we concluded 
that the parks located in low- to middle-income neighborhoods contained 42% of the 
facilities and 29% of the amenities of all the parks in the city (Figure 1). The difference in 
number and quality of facilities and amenities in parks is also an indication that equity has 
not been a major concern for park planning in Curitiba. 
 
[Figure 1. Facilities and Amenities Index for parks in Curitiba, Brazil, 2014] 
 
Population 
Curitiba is the eighth largest capital city in Brazil, with almost 1.8 million inhabitants 
according to the 2010 Census (Instituto Brasileiro de Geografia e Estatística (IBGE), 2011). For 
a couple of decades during the second half of the 20th century, Curitiba had      the highest 
growth rate among all Brazilian capital cities; the city’s population has grown 10- fold since 
1950 (Macedo, 2013). The city of Curitiba belongs to a dense metropolitan area, but other 
Brazilian cities, such as Rio de Janeiro and São Paulo, have higher population densities. 
Brazilian cities are generally denser and more compact than North American cities and have 
a distinct urban form with a steeper density gradient. Table 1 shows the density for several 
world cities as a basis for comparison with Curitiba. 
Curitiba’s density in 2000 was 3632 inhabitants per square kilometer, and in 2010, 4016 
inhabitants per square kilometer. Curitiba’s population increased by 11% from 2000 to 2010, 
yet park area increased by only 6%. Collectively this led to a 4% decrease in the     area of 
parks from 7.94 to 7.63 square meters per person. Curitiba had 2115 census tracts with 
average area of 0.347 square kilometers in 2000 and 2394 census tracts with average 
area of 0.182 square kilometers in 2010. This decrease in the average area of census tracts 
can be explained by the fact that the number and geometry of census tracts increased from 
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2000 to 2010. 
 
[Table 1. Population density for cities in the Western Hemisphere, 2010] 
 
Transportation 
One of the best-known features of the city of Curitiba is its public transit system (Duarte     et 
al., 2011; Macedo, 2004). Curitiba implemented the first Bus Rapid Transit (BRT) system in 
the world, before the acronym became a ubiquitous solution for public transit. Its transit 
system has been exported, imitated, and adapted in cities from Bogotá , Colombia 
(TransMilenio) to Ahmedabad, India (JanMarg). An additional feature of Curitiba’s transit 
system makes the city a particularly interesting case study from the viewpoint of access: the 
transit system is an integrated, single-fare system that grants residents access to facilities 
citywide for the same fee, regardless of distance. Several park studies have argued that 
proximity to home or place of work is a determining factor in the use of parks (Badland and 
Schofield, 2005; Bedimo-Rung et al., 2005; Giles-Corti et al., 2005; Lindsey et al., 2001; Talen, 
2003; Tate, 2001). In the case of Curitiba, the cost of dislocation is constant regardless of 
distance; however, one’s willingness to pay (or not) for access to urban amenities still is a 
consideration. 
To better understand the spatial relationship between the public transportation network 
and the existing urban parks, a customized python script was developed. The minimum, 
maximum, and mean Euclidean distance between each park and the nearest transit route 
were computed. This script created a distance surface for the transit routes and computed 
zonal statistics for individual parks. As explained below, in our study, one kilometer is used 
as a walkable distance. Following what Talen (2003) calls ‘‘minimum-distance approach,’’ we 
consider that a park within one kilometer of a transit route is served by transit. As displayed 
in Figure 2, only three out of the 43 parks had a minimum distance greater      than one 
kilometer, and were considered not served by public transportation, indicating    that 93% 
of parks can be reached through transit routes. In addition, the main parks in Curitiba are 
served by the ‘‘Tourism Line,’’ a special bus route that connects major tourist attractions in 
town, and 120 kilometers of bike paths connect most parks. 
 
[Figure 2. Public Transit Network in Curitiba, Brazil, main routes] 
 
Crime and violence 
Even though Curitiba was considered the best place to live by the United Nations in the 
1990s, it had the seventh highest number of homicides among capital cities in Brazil in 2006 
(Waiselfisz, 2008). In fact, Curitiba’s homicide rate increased by 30% between 2002 and 2012 
and the city was ranked sixth among the most violent cities in Brazil in 2012 (Secretaria de 
Estado da Segurança Pública (SESP), 2014; Waiselfisz, 2014). Most neighborhoods with high 
crime rates are located in the  southern  part  of  the municipality with  three exceptions: 
downtown, a neighborhood between downtown and the southern  part  of the city where 
a large informal settlement is located, and a neighborhood in the northern part of the city 
that, albeit being middle- to high-income, concentrates tourism-related businesses and 
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borders a municipality with one of the highest crime rates in the metropolitan region 
(SESP, 2014). In fact, it is noticeable that the neighborhoods with medium to high crime 
rates are those located in the periphery of the city, abutting other municipalities in 
the metropolitan area (Figure 3). It is also noticeable that 20 parks are located in low 
crime neighborhoods, eight in medium crime neighborhoods, and 15 in high crime 
neighborhoods. While violence and crime are an issue in Curitiba, as much as in any 
other Brazilian capital city, parks are generally safe places for various reasons. First, most 
parks open at dawn and close at dusk, and are fenced and gated; with most park activity 
happening during the daytime, there are very few occurrences registered. Second, several 
parks have municipal police stations and police presence has been shown to deter criminal 
action (Francis, 2001; Macedo, 2007). 
 
 
[Figure 3. Incidence of criminal activity in Curitiba, Brazil, in 2012] 
 
Spatial analysis and park distribution in Curitiba 
Study design 
Our main hypothesis is that spatial equity can be measured by equating the distribution of 
parks to the distribution of income groups. In this study we defined spatial equity as an equal 
distribution of urban parks in Curitiba with respect to distributions of low-income groups. 
The overall spatial questions this paper answers are: 1) Is the spatial distribution of urban 
parks in Curitiba equitable? and 2) What was the spatial evolution of parks and equity 
between 2000 and 2010? We answer these questions using spatial analyses based on the 
notion that walkability is a significant factor in park usage and people tend to use parks in 
close proximity to their homes (Badland and Schofield, 2005; Bedimo-Rung et al., 2005; 
Giles-Corti et al., 2005; Lindsey et al., 2001; Talen, 2003; Tate, 2001). This is a reasonable 
assumption to make as Curitiba’s transit system, albeit a model copied the world over, is 
relatively expensive and mostly used for commute to work due to employer-funded 
transportation subsidies mandated by law. Based on previous studies (Comber et al., 2008; 
Fan et al., 2011; Oh and Jeong, 2007; Omer, 2006; Paez et al., 2010; Wright Wendel et al., 
2012), we pose the hypothesis that the spatial evolution of parks in Curitiba did not promote 
spatial equity from 2000 to 2010. 
 
Study area and variables 
We perform the analysis using data on total population and average household monthly 
income by census tract. All data were gathered from the Brazilian Demographic Census of 
2000 and 2010, developed by the Brazilian Institute of Geography and Statistics (IBGE, 2011). 
A deflator index was used to bring all income values to August of 2010, to compare data 
from 2000 and 2010. Since Curitiba belongs to a dense metropolitan area and residents from 
conurbated municipalities use Curitiba’s parks, we use population data for the municipal 
tracts and tracts within one-kilometer of the municipal boundary. Because all parks are 
planned, managed, and financed by Curitiba’s local government, we use income data for the 
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municipal tracts only. This approach was only used for Method 2, not for Method 1 as 
described below. 
Table 2 shows descriptive statistics of the variables used in the analysis for census tracts 
that are within the municipal boundary of Curitiba. The minimum of all four variables was 
zero. With regard to income, an outlier in 2000 spread the distribution as compared to 
2010.  
As summarized in the literature review, several methodologies have been developed 
to examine access to urban amenities. In order to assure consistency and accuracy in our 
findings, we used two different methodological approaches to test our hypotheses and 
then compared the results. Method 1 was inspired by Talen (1998) and access to parks, 
which was calculated based on a Python script, was measured in relation to the location of 
each municipal tract. For Method 1 we only used Curitiba’s 2115 tracts in 2000 and 2394 
tracts in 2010. Areas characterized by spatial equity and spatial inequity were assessed by 
using the income municipal mean value as the threshold. Method 2 was developed as a 
combination of the approaches used by Omer (2006) and Guillan et al. (2006) and both the 
municipal tracts and tracts within one-kilometer of the municipal boundary were used 
for the analysis. In Method 2, access was measured using the concept of service areas of 
parks, which could also include tracts outside the municipal boundary. In this method, we 
used municipal tracts plus those within a one-kilometer buffer totaling 2,361 tracts in 2000 
and 2,780 in 2010. Areas characterized by spatial equity and spatial inequity were 
assessed using spatial statistics. Detailed descriptions of each method and their results 
follow. Two GIS software were used to complete the analyses described below: ArcGIS 10.1 
and OpenGeoda. 
 
Method 1 
Defining park need. The classic study by Kaplan and Kaplan (1989) linking well being to 
contact with nature suggests that all human beings, especially those living in urban 
areas, need to experience natural settings to achieve a balanced quality of life. Brazilian 
cities are dense and compact, thus urban sites available for parks are rare. Two standards 
equating area of green open space can be used to determine need, the World Health 
Organization (WHO) international standard of 16 square meters per person, and the one 
offered by DeChiara and Koppleman (1982) of 10.12 square meters (0.0025 acres) of 
park area per person. Talen (1998), on whose work Method 1 is based, uses the standard 
from Urban Planning and Design Criteria by DeChiara and Koppleman. The 7.63 square 
meters of park area per person calculated for 2010 population of Curitiba is lower than 
both of these standards. Since the DeChiara and Koppleman standard is specific to parks 
while the WHO standard does not specify the type of ‘‘green open space,’’ we decided 
to calculate need for each tract by multiplying its population by 10.12. 
 
[Table 2. Descriptive statistics of variables of interest] 
 
Defining park access. Access was measured as the total park area within each census tract 
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plus any park area within one kilometer of the tract border. A distance of one kilometer was 
chosen because, as explained above, we assume that people tend to use parks within 
walking distance of their homes. This was accomplished by creating a one-kilometer buffer 
around each census tract and then calculating the amount of park area that fell within each 
buffer. To speed up the process, we wrote a Python script that iteratively performed the 
following tasks on each census tract on the study area: selected a census tract, created a 
one-kilometer buffer around it, clipped the park areas from the buffer, calculated the total 
park area in each clipped buffer (in square meters), and wrote the area to a new field. Finally, 
all of the files were joined into one shapefile and projected. 
Combining park need and access. Once park need and access were computed, we 
compared them to determine areas characterized by spatial equity or inequity.  Figure 4 
displays the final map of this process. First, we selected tracts that had a higher need for 
park area than what was being provided to them. This identified two types of tracts: 
1) tracts that did not have enough park area to serve its residents, represented by the thick 
black polygons, and named spatial inequity; and 2) tracts that did have enough park area to 
serve its residents, represented by the thick purple polygons, and named spatial equity. The 
north-central region of the municipality, where downtown Curitiba is located, was mostly 
characterized by spatial equity and the southern part of the city was characterized by spatial 
inequity. Spatial inequity regions corresponded to 57.6% of the municipal area in 2000 and 
47.3% of the municipal area in 2010. In 2000, there were 883,583 people living in regions 
characterized by spatial inequity (corresponding to 56% of the total population), and in 2010 
there were 863,416 people (corresponding to 49.5% of the total population). A decrease of 
approximately 6.5% of people without access to parks indicates improvement in park 
distribution from 2000 to 2010, moving towards more spatial equality. 
We took this analysis a step further and included the income variable: we selected tracts 
where the income was below the mean value for all census tracts in Curitiba, and designated 
as poorest tracts. We computed the mean separately for each year and classified into 
poorest tracks based on the two different thresholds. In 2000, there were approximately 
1.06 million people living in the poorest tracts of Curitiba (68% of the total population), and 
in 2010 this number increased to 1.16 million (67% of the total population). Table 3 
summarizes the percentage of poorest tracts, and their low-income population in relation to 
the spatial inequity and spatial equity areas. The spatial inequity areas had a decrease of 
approximately 13 percentage points in its area with regard to poorest tracts, followed by a 
poorest tract population decrease of 8% (48,674 inhabitants). When taking into account the 
total low-income population, this decrease represented 9%. This indicates improvement in 
spatial equality for parks. In the same direction, the spatial equity areas demonstrated that 
low-income groups had better access to parks, having an increase in low-income population 
in spatial equity areas of 32% (148,574 inhabitants). When taking into account the total low- 
income population, this increase represented 9%. Based on the findings of Method 1, our 
hypothesis was rejected because the spatial evolution of urban parks in Curitiba, from 2000 
to 2010, promoted equity. 
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[Figure 4. The evolution of spatial inequity and equity in Curitiba, Brazil, 2000–2010] 
 
Method 2 
Defining service areas for parks. In Method 2, we assessed access to urban parks by first 
creating a one-kilometer search radius around each park boundary and then identifying 
 
[Table 3. Percentage of poorest tracts and low-income population numbers] 
 
census tracts that had their geometric centroid inside that radius. Tracts outside the 
municipal boundary were also included in this calculation because if a tract was located 
within one-kilometer of a park boundary, then it would be served by that park. This allowed 
us to define a service area for each park (Omer, 2006: 257). Secondly, tracts within one- 
kilometer of each park’s boundary were selected and the tract’s population was identified 
as potential users within the park service area. We calculated the average square meters of 
park area available to each resident in the service areas by dividing the size of the park by 
the total population serviced by that park. Following Omer (2006), these averages where 
classified in categories, such as 0 to 4, 4 to 7, and 7 to 14 square meters per person. 
Figure 5 depicts the service areas for 2000 and 2010. In 2000, 54.8% of the total municipal 
area was out of park service range, and in 2010, this percentage decreased to 45.8%. 
 
[Figure 5. Service areas and ratio of park area in Curitiba, Brazil, 2000–2010] 
 
The population not served by parks decreased by 8.5%: it was 825,639 in 2000 (52% of the 
total population), and 755,805 in 2010 (43% of the total population). This decrease in the 
area out of the park service range, and the accompanying decrease in population not served 
indicate improvement in park distribution, suggesting a move towards equality. Figure 5 also 
shows the ratio of park area per person. The lighter areas (0–4 square meters per person) 
increased 30.5% from 2000 to 2010, indicating that new parks created during the period of 
study had small areas to be shared by many potential users. 
Empirical studies defining service areas highlight that a more realistic strategy can be the 
use of network analysis. The buffer method ‘‘does not take into consideration how variations 
in the configuration of the circulation networks along which people actually move can affect 
levels of access’’ (Larsen and Gilliard, 2008: 4). In addition, Zhao et al. (2003) alert that the 
buffer method may overestimate walk accessibility. The network analysis strategy, however, 
was not used in this study because the neighboring municipalities of Curitiba do not have 
transportation network data available. 
Examining income. To better assess the income variable we used exploratory spatial data 
analysis (ESDA) methods, which ‘‘describe and visualize spatial distributions, identify atypical 
locations (spatial outliers), discover patterns of spatial association (spatial clusters [or 
hotspots]), and suggest different spatial regimes and other forms of spatial instability or 
spatial non-stationary processes’’ (Anselin, 1998: 258). By using these methods we could 
identify spatial effects classified into two general types: spatial autocorrelation and spatial 
heterogeneity. 
Spatial autocorrelation occurs when value similarity and locational similarity coincide 
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(Anselin, 2001). Positive spatial autocorrelation exists when high values correlate with high 
neighboring values and when low values correlate with low neighboring values. For 
example, census tracts with high (or low) income may surround census tracts with high 
(or low) income, and we may observe patterns of clustering in a study area. Negative 
spatial autocorrelation exists when high values correlate with low neighboring values, 
and vice versa, and no clustering pattern of similar values can be observed. 
Spatial heterogeneity exists when structural changes related to location are detected in 
the data set, implying unstable relationships between values of observations, and detectable 
spatial regimes (Haddad, 2009). These relationships are described by a multiplicity of 
functional forms and parameters that vary across the data set (Anselin, 1988).  For example, 
census tracts located in the center of a study area may be clustered around high- income 
values while census tracts located in the periphery of a study area may be clustered around 
low-income values. In this example, center and periphery are the spatial regimes 
characterizing the spatial distribution of income. 
To conduct ESDA, it is necessary to define a spatial weight matrix W. This matrix imposes 
a neighborhood structure on the data and can be defined in a variety of ways.       We chose 
one simple binary queen contiguity and one k-nearest neighbor matrices. The advantage of 
considering two different weights matrices in the analysis is that we can evaluate the 
robustness of our results.  For instance, if the patterns found based on one type of weights 
matrix are similar to the other, most likely the results are sufficiently strong to accept in the 
context explored. 
The simple binary queen contiguity matrix is composed of 0 and 1: if municipality i has a 
common boundary and/or vertex with municipality j, then they are neighbors and wij 1; if 
municipality i does not have a common boundary and/or vertex with municipality j, then 
they are not neighbors and wij=0. The diagonal elements are set to 0. The k-nearest neighbors 
weight matrix is defined as: 
 
where di (k) is a critical cut-off distance defined for each census tract i; di (k) is the kth order 
smallest distance between census tracts i and j such that each census tract i has exactly k 
neighbors. For our study, k=5 was applied for the year 2000, and k=6 for 2010. These   values 
were chosen because they represent the highest frequency in the distribution of connection 
between Curitiba census tracts, based on the examination of the simple binary queen 
contiguity matrix. That is, the majority of Curitiba census tracts had five neighbors in 2000 
and six neighbors in 2010, which is consistent with the increase in number of census tracts 
between 2000 and 2010 explained earlier in the paper. Both matrices were row- normalized, 
which means that we built W* so that each element in row i is divided by the sum of row i’s 
elements. 
 
a) Global spatial autocorrelation. Among statistics of global spatial autocorrelation, 
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Moran’s I is widely used (Lieske et al., 2012; Talen and Anselin, 1998; Tsou et al., 2005). 
Moran’s I provides a formal indication of the degree of linear association between the 
observed values and the spatially weighted averages of neighboring values. Moran’s I shows 
if there is clustering in a data set, and is defined as: 
 
where xi is the observation in tract i; µ is the mean of the observations across tracts; n is 
the number of tracts, and wi j is one element of the spatial weight matrix W which 
expresses the spatial arrangement of the data. Values of I larger than the expected value 
E(I)=-1/(n- 1) indicate positive spatial autocorrelation, whereas values of I smaller than the 
expected value E(I)=-1/(n-1) indicate negative spatial autocorrelation. Moran’s I values 
range from -1 (perfect positive spatial autocorrelation) to +1 (perfect negative spatial 
autocorrelation). 
Table 4 displays the results of testing for global spatial autocorrelation for the income 
variable, in 2000 and in 2010. There was a consistency in the results when comparing both 
years, and using two different matrices. We rejected the null hypothesis of spatial 
randomness and accepted the alternative hypothesis of positive spatial autocorrelation. 
These results indicated that location mattered in the spatial distribution of income in 
2000 and 2010, supporting our definitions of spatial equity and spatial inequity. From 
the planning perspective, if the income variables were randomly distributed within the 
city, planning for parks with respect to distribution of low-income groups would be 
difficult. 
b) Local spatial autocorrelation. The Local Indicators of Spatial Association, LISA, (Anselin, 
1995) is a very useful technique to assess local spatial autocorrelation. Talen (1998) 
suggested LISA as a ‘‘method particularly useful in equity mapping’’ (p. 32). LISA reveals the 
structure of spatial autocorrelation within the study area by identifying local clusters that 
contribute to global spatial autocorrelation. There are four possible cluster categories for 
LISA: a high value location surrounded by neighbors  with  high  values  (HH); a high value 
location surrounded by neighbors with low values (HL); a low value location surrounded by 
neighbors with low values (LL); and a low value location surrounded by neighbors with high 
values (LH). LISA ‘‘allow for the decomposition of global indicators, such as Moran’s I, into 
the contribution of each observation’’ (Anselin, 1995: 94). The LISA is defined as: 
Macedo and Haddad 13 
 
where xi is the observation in census tract i, µ is the mean of the observations across census 
tracts and the summation over j is such that only neighboring values of j are included. As 
Anselin (1995) describes, positive values of LISA indicate spatial clustering of similar values 
(either HH or LL), and negative values of LISA indicate spatial clustering of dissimilar values 
(either HL or LH). 
 
[Table 4. Moran’s I for income] 
 
Tsou et al. (2005) also used LISA in their analyses of spatial equity in Ren-De, Taiwan. 
However, only one spatial weight matrix was applied, and LISA clusters were not evaluated 
in a way that takes into account the level of significance. Smoyer-Tomic et al. (2004) 
incorporated level of significance in their analysis (0.05), however, using only one spatial 
weight matrix. The LISA described below was calculated using two spatial matrices to test 
the robustness of our results. In addition, we adopted a conservative approach of defining 
0.01 as the level of significance, as a strategy to minimize issues that may arise based on ‘‘the 
debate within the literature as to whether LISA significance levels should be adjusted to 
compensate for potential problems associated with multiple comparisons and correlated 
tests’’ (Smoyer-Tomic et al., 2004: 293). 
In our study, we defined high-income and low-income areas using LISA for 2000 and 2010. 
High-income areas were defined as all HH and HL tracts that were statistically significant (at 
1%) using both spatial matrices. Low-income areas were defined as all LL and LH tracts that 
were statistically significant (at 1%) using both spatial matrices. A similar approach was used 
by Guillan et al. (2006) to define employment centers in the metropolitan region of Paris; 
they used three spatial matrices to test for robustness of their clusters, at a 5% level of 
significance. 
After performing LISA, the statistically significant tracts were included in high-income 
category (HH and HL) and low-income category (LL and LH). Table 5 shows the percentage of 
municipal area covered, the corresponding tract numbers, and the number of inhabitants 
living in the areas. These numbers demonstrated that Curitiba was characterized by hotspots 
of low income, containing 12% of the low-income population in 2000, and 14.7% in 2010. 
With regard to high-income hotspots, they were almost a quarter smaller in area than the 
low-income hotspots, and were more stable with regard to population. 
 
Examining spatial equity. Once park services areas and high- and low-income areas were 
defined, we overlaid them to identify areas characterized by spatial equity or inequity. 
Figure 6 displays the final map of this process. Areas characterized by low income that were 
outside the service areas of parks were designated areas of spatial inequity. Table 6 displays 
changes that occurred between service areas and income, based on the maps shown in 
Figure 6. There was an expansion of areas with low-income people not served by parks 
during the period of study, mainly in the southern region of Curitiba. Areas with low-income 
people not served by parks represented 47.6% of the total municipal area in 2000, and 51.4% 
in 2010. In regard to population, there were around 93,000 inhabitants living in low-income 
areas in 2000, and 119,000 in 2010, an increase of approximately 27%. However, when 
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examining the percentage of the total low-income population, there was a decrease of 3% 
(from 49% in 2000 to 46% in 2010). Altogether, these observations indicate that Curitiba’s 
local government should continue to target the southern part of the municipality to promote 
spatial equality of urban amenities. 
 
[Table 5. Hotspots for low- and high-income groups] 
 
[Figure 6. Distribution of service areas and income in Curitiba, Brazil, 2000–2010] 
 
[Table 6. Differential access of low- and high-income areas to parks in Curitiba] 
 
Areas characterized by low-income that were inside the service areas of parks were designated 
as areas of spatial equity. As displayed in Table 6, no low-income areas were served by parks in 
the categories of 4 to 7 or 7 to 14 square meters per person in 2000. By 2010, 4.6% of the total 
area of low-income hotspots was served by parks in the category of 4 to 7 and 13.5% in the 
category of 7 to 14 square meters per person, resulting in an increase in access for around 
38,000 low-income people (15% of the total low-income population in 2010). This finding is 
another indication that spatial equity has increased. There was a decrease in the greater than 
14 square meters per person category (approximately 20%), almost of the same magnitude as 
the increases in the 4 to 7 and 7 to 14 categories. The increase in 4 to 7 and 7 to 14 categories 
was mostly due to the implementation of two new parks in the southeast region. There was 
also a decrease of 8% of the low-income population served by the 0 to 4 category. Overall, after 
assessing these differences between the five categories, we confirm an improvement in equality 
even though the decrease in percentage of low-income population for not-served areas was 
only of 3%. 
This is further supported by the fact that percentages of high-income areas were very 
stable. Even though there was a new high-income area in 2010 located in the southern 
region that did not exist in 2000 (see Figure 5), Table 6 shows minimal changes. The 
important changes that should be noted were a decrease of 3% in the not-served category 
and an increase of 3% in the greater than 14 category. 
Results from Methods 1 and 2 led to the same conclusions: the spatial evolution of parks 
in Curitiba promoted spatial equity from 2000 to 2010. Over the period of study, the spatial 
distribution of parks evolved in a way that benefited low-income groups, contributing to 
spatial equity; however, we still cannot state that spatial distribution is equitable. Of the 11 
new parks implemented in the city between 2000 and 2010, 10 were in low- to middle-
income neighborhoods and three were in neighborhoods that did not have any parks before 
2000. Although this represents relative progress when compared to the location of the 31 
green areas implemented between 1972 and 1997, there is still room for improvement in 
terms of spatial equity. 
Finally, the results of Methods 1 and 2 together with the context-based analyses of 
demographics and density, transportation, and criminal activity make it clear that the south 
of Curitiba needs more parks with better facilities and amenities.  The southern region of the 
municipality would also greatly benefit from improved transportation and additional crime 
mitigation measures that would give families living in low-income neighborhoods a greater 
sense of security. 
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Conclusions 
The social reality of a city is defined by the dialectic relationship between society and space. 
To achieve spatial equity, all cohorts of the population should enjoy the same level of access 
to urban amenities, regardless of income level. Our analysis, including the distribution and 
spatial evolution of parks in Curitiba from 2000 to 2010, has shown that spatial equity has 
been promoted in the city in the past 10 years; however, it is still a fact that most parks are 
located in more affluent neighborhoods. It is important to highlight that the buffer method 
can overestimate service areas; thus, further research would be suggested to ascertain 
these results are more accurate. Although most parks are easily accessed by bus, research 
shows that people tend to use parks in close proximity to their home or place of work 
(Badland and Schofield, 2005; Bedimo-Rung et al., 2005; Giles-Corti et al., 2005; Lindsey et 
al., 2001; Talen, 2003; Tate, 2001). Most neighborhoods that need improved access to parks 
are located in the southern region of the municipality, where there is a concentration of low- 
income groups, a higher incidence of crime and a lack of recreational opportunities. 
Allocating more public resources and services to areas where need is greater in an 
attempt to achieve locational equity has been called ‘‘unequal treatment of unequals’’ (Lucy, 
1991 cited Talen, 1998: 24). The argument for this ‘‘compensatory’’ treatment is that low-
income households with no access to other leisure opportunities in the southern part of 
Curitiba would benefit more from having parks in close proximity to their homes than the 
middle-    to high-income population that today lives in close proximity to public parks in  the  
northern part of the city. Evidently, it is not just the number of parks that needs to increase, 
but also their quality (Fan et al., 2011; Lynch, 1984).  Our  analysis  revealed that existing 
parks in low- to middle-income neighborhoods have fewer facilities and amenities than 
those in other parts of the city; thus,  while  additional  parks  would  certainly be valuable 
assets to currently underserved communities  in  the  south  of  Curitiba, the number and 
quality of facilities  and  amenities  offered  in  these  parks  are also important. In addition 
to being properly equipped, maintained and managed, additional parks in working-class 
neighborhoods also need to offer a modicum of security since these same neighborhoods 
currently present higher indices of criminal activity than other neighborhoods in the city. 
Opportunities for future research include a more in-depth analysis of the usage of facilities 
and amenities in parks and the impact they have on levels of physical activity and health 
among the population. 
In a city that is one hundred percent urbanized, with little open space left within city limits 
such as Curitiba, green open space is a valuable resource. Curitiba’s density no longer allows 
for great expanses of pastoral landscapes to serve as refuge from the woes of the city, but it 
does allow for the implementation of small parks that would be within walking distance for 
most residents. A concerted effort on the part of local government is necessary to pro- 
actively acquire, lease, expropriate or repurpose land, or to partner with private owners to 
set aside those areas that would lend themselves to conservation instead of development. 
In addition, lower land values in the southern part of the city should be an incentive for the 
local government to take advantage of urban tools to add green open space to working-class 
neighborhoods. Areas along creeks and rivers, wetlands, hillsides, and a few areas that still 
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contain remnants of native forests should be prime choices for preservation, conservation, 
or park use since these lands are not appropriate for urban development. 
The legislation to allow these pro-environment initiatives has been in place for almost 
three decades, but it has not been used consistently across the municipal territory. An added 
incentive to implementing recreational opportunities in environmentally sensitive areas is 
the constant threat presented by illegal occupations. If environmental legislation were 
enforced, this alternative legal use of natural areas would not be necessary; however, 
although mandated by law, monitoring systems have not been implemented and thus, there 
is no enforcement. Implementing parks in environmentally sensitive areas is a passive and 
indirect but effective way of enforcing environmental and land use law. 
To better serve the entire population of this sustainable city and to promote spatial 
equity, new parks should continue to be implemented in the southern part of Curitiba. 
Preference should be given to working-class neighborhoods, whose residents would greatly 
benefit from recreational opportunities as they do not have access to private clubs and paid 
facilities. Other cities seeking to achieve spatial equity with regard to urban amenities and 
aiming to provide a healthier urban environment for their citizens can use the same 
methodology applied by this research project to assess open space distribution across their 
urban landscapes. The results of our spatial equity analysis and our recommendations for 
implementation of additional parks within the context of Curitiba    can serve as a template 
for cities, particularly those in countries with a widening gap between the rich and the poor. 
It would behoove cities in the global south that consider spatial equity an indicator of 
sustainability to provide good public recreational space to all their citizens. 
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Figure 1. Facilities and Amenities Index for parks in Curitiba, Brazil, 2014. 
 
 
 
Figure 2. Public Transit Network in Curitiba, Brazil, main routes. 
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Figure 3. Incidence of criminal activity in Curitiba, Brazil, in 2012. 
 
 
 
Figure 4. The evolution of spatial inequity and equity in Curitiba, Brazil, 2000–2010. 
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Figure 5. Service areas and ratio of park area in Curitiba, Brazil, 2000–2010. 
 
 
Figure 6. Distribution of service areas and income in Curitiba, Brazil, 2000–2010. 
 
